We present a catalog of 1848 spectroscopic redshifts measured in the fields of the massive galaxy clusters MACSJ0416.1-2403 (z = 0.397), MACSJ0717.5+3745 (z = 0.546), and MACSJ1149.5+2223 (z = 0.544), i.e., three of the four clusters selected by STScI as the targets of the Frontier Fields (FF) initiative for studies of the distant Universe via gravitational lensing. Compiled in the course of the MACS project (Massive Cluster Survey) that detected the FF clusters, this catalog is provided to the community for three purposes: (1) to allow the identification of cluster members for studies of the galaxy population of these extreme systems, (2) to facilitate the removal of unlensed galaxies and thus reduce shear dilution in weak-lensing analyses, and (3) to improve the calibration of photometric redshifts based on both ground-and spacebased observations of the FF clusters.
INTRODUCTION
Recognizing the importance of massive galaxy clusters as gravitational telescopes for studies of the distant Universe as originally proposed by the CATs team (Clusters as Telescopes 5 ), Space Telescope Science Institute (STScI) recently announced the Frontier Fields (FF) project, a commitment of 560 orbits of Hubble Space Telescope (HST) time in Cycles 21 and 22 to deep observations of four clusters of galaxies at intermediate redshift (0.3 < z < 0.6). Each target will be observed with both the Advanced Camera for Surveys (ACS) and the Wide Field Camera 3 (WFC3) for 20 orbits in each of the F435W, F606W, F814W, F105W, F125, F140, and F160W filters, reaching a limiting magnitude of approximately 29 (AB system) across the full optical and near-infrared (NIR) window. Both ACS and WFC3 will be used simultaneously, such that for each cluster target images of equal depth are accumulated of the cluster core and of a flanking parallel field about six arcmin away. Extending the NIR spectral coverage further, 1000 hours of Spitzer Space Telescope time are being devoted to observations of the same four fields at 3.6 and 4.5µm.
The FF project represents the largest investment of HST time for deep observations of galaxy clusters in the history of HST. Its main science goal is the discovery of gravitationally lensed background galaxies at z = 5 − 10 for both in-depth studies of bright individual objects and statistical investigations into the properties of galaxies at magnitudes and distances inaccessible to observation without gravitational amplification. As a bonus, the FF observations will also yield the deepest images of the cores of massive clusters ever collected, thereby facilitating exquisitely detailed characteriza-tions of the cluster lenses and their galaxy content.
The four clusters selected for the FF initiative for Cycle 21 and 22 are A2744 (z=0.308), MACSJ0416.1-2403 (z=0.397), MACSJ0717.5+3745 (z=0.546), and MACSJ1149.5+2223 (z=0.544) (Abell 1958; Edge et al. 2003; Ebeling et al. 2007 Ebeling et al. , 2010 Mann & Ebeling 2012) . Subject to a review of the observations collected up to then, two additional clusters (AS1063 and A370) will be added to the FF sample and observed in Cycle 23. All FF clusters are exceptionally X-ray luminous systems (L X > 2 × 10 45 erg s −1 , bolometric) and feature pronounced substructure, i.e., they combine the two characteristics that selects the most powerful cluster lenses (Horesh et al. 2010; Limousin et al. 2012; Zitrin et al. 2013) . Additional information on the FF project can be found on http://www.stsci.edu/hst/ campaigns/frontier-fields/.
CHARACTERIZING THE FF LENSES
If the scientific potential of the FF project for the characterization of the high-redshift Universe is to be fully exploited, the magnification of the cluster lenses and thus their mass distributions must be accurately mapped. Within the cluster cores, the mass distribution can be derived from carefully identified strong-gravitational lensing features, with the greatest leverage being provided by sets of multiple-image systems (Kneib & Natarajan 2011, and references therein) . In addition to cluster-scale halos, the resulting mass models also include appropriately scaled mass halos at the location of the most luminous cluster galaxies, thereby accounting for small-scale perturbations. On larger scales, i.e., outside the strong-lensing regime, complementary constraints on the mass and magnification maps are obtained from measurements of the weak gravitational shear induced by the cluster lens. For the FF clusters, the weak-lensing regime is poorly sampled by the existing, relatively shallow HST images; better coverage and thus better constraints on the mass and magnification at larger cluster-centric radii will ultimately emerge from the much deeper FF images themselves (including those of the flanking fields) as well as from supporting wide-field imaging.
In preparation of the forthcoming FF observations with HST, STScI assigned in the summer of 2013 six teams the task of generating maps of the mass distribution of, and gravarXiv:1402.3769v1 [astro-ph.CO] 16 Feb 2014 itational amplification provided by, the FF clusters, based on strong-and weak-lensing analyses of the existing HST imaging data (e..g, Richard et al. 2013) . Spectroscopic follow-up observations from the ground were critical in this effort, not only to robustly anchor the lens models via spectroscopic redshifts of multiple-image systems, but also to unambiguously identify cluster members among the galaxies in the FF fields. The latter play an important role as small-scale perturbers of the strong-lensing mass models, and are essential also for the elimination of unlensed galaxies in the weak-lensing analysis.
In the following we briefly describe spectroscopic followup work conducted by us in the fields of three of the four approved FF clusters as part of our extensive spectroscopic survey of the galaxy population of cluster discovered by the Massive Cluster Survey (MACS; Ebeling et al. 2001) . Since the underlying MACS follow-up observations served various scientific purposes, the instrumental settings differed between observing runs, the spectra obtained vary in resolution and wavelength coverage, and the combined survey results are not statistically complete. The inhomogeneity of this data set notwithstanding, we hope that the information provided here will prove useful for the extragalactic community. All redshifts have previously been made available to the six teams generating mass and magnification maps of the FF from existing data.
SPECTROSCOPIC OBSERVATIONS
A2744 (MACSJ0014.3-3022; Ebeling et al. 2010) was not targeted in the spectroscopic follow-up observations conducted by the MACS team, as the system (also known as AC118) has been covered extensively before (Couch & Sharples 1987; Couch et al. 1998; Boschin et al. 2006; Owers et al. 2011) . Galaxies with spectroscopic redshifts listed in the compilation of Owers et al. (2011) are marked in Fig. 1 (top).
MACSJ0416.1-2403 was observed by us on January 20, 2001 with the multi-object spectrograph (MOS) on the Canada-Hawaii-France Telescope (CFHT) on Mauna Kea, Hawaii. Our instrumental setup combined the B300 grism with the EEV1 CCD, resulting in a pixel scale of 3.3Å pixel
and an effective resolution of 12.5Å (as determined by the FWHM of an arc line). We observed a single MOS mask for a total integration time of 6000 s. Since the goal of these observations was to obtain a credible global velocity dispersion of the cluster, which requires spectra for as many cluster members as possible, the 4504V broadband filter was inserted into the light path, thereby limiting the wavelength range of the resulting spectra to 876Å centred on 5468Å. The truncated spectra could then be stacked in three to four tiers along the dispersion direction, allowing us to observe many more galaxies on a single MOS mask than would otherwise have been possible. The narrow spectral range covered ensured that redshifts could be obtained from the Ca H+K lines for galaxies at the approximate cluster redshift of z = 0.4, but did not allow the detection and measurement of most other spectral diagnostics (G band, Hβ, [OIII], etc.) MACSJ0717.5+3745 and MACSJ1149.5+2223 are part of the subsample of MACS clusters at z > 0.5 (Ebeling et al. 2007) , and were observed extensively by us, primarily in the context of a study of the impact of environment on spectral and morphological properties of the cluster galaxy population (Ma et al. 2008; Ma & Ebeling 2011) . We list the respective observing runs and details of the instrumental setup in Tables 1 and 2 for our observations of MACSJ0717.5+3745 and MACSJ1149.5+2223, respectively. All observations were performed using multi-object spectrographs on telescopes on Mauna Kea, Hawaii. The vast majority of our spectroscopic data were collected with DEIMOS on Keck-II, using the 600ZD grating. With this setup, the spectral range covered is independent of the chosen central wavelength (which varied between 6300 and 7000Å); instead, it is determined by the choice of order-blocking filter and by the location of a given slit on the respective MOS mask. For a centrally located slit, the usable wavelength range is approximately 4700 (5200) to 8800Å (9800Å) for the GG455 (GG495) blocking filter. The effective spectral resolution of our DEIMOS data is typically 6Å. Spectra were also obtained using LRIS on Keck-I, using the 400/3400 grism in the blue arm, and the 600/7500 grating in the red arm of the spectrograph. Finally, MACSJ0717.5+3745 and MACSJ1149.5+2223 were observed by us with GMOS on Gemini-N, using the EEV detector array as well as the B600 and R400 gratings, which feature comparable efficiency at 6000 to 7000Å. Use of the GG495 (OG515) order-blocking filter with the B600 (R400) grating results in a usable spectral range of approximately 5300-8100Å (5400-9600Å); the spectral coverage is slightly extended or truncated at the blue or red end of this range for slits placed near the edges of the MOS masks. Additional instrumental details, largely similar to the ones used with DEIMOS, can be found in Tables 1 and 2. 4. DATA REDUCTION Generic data reduction procedures were applied to data collected from all telescopes, including bias subtraction, cosmicray removal via median averaging of at least three frames where possible, flat fielding, wavelength calibration, skyline straightening, aperture extraction, and background subtraction. Following bias subtraction, trimming, and median combining, data for each slit were extracted from the spectral image and analyzed individually thereafter. Dispersion solutions were obtained using standard calibration lamps (Cu, Cd, Zn, Hg, Kr, Ne, Ar). Skyline straightening was performed when required, and dispersion solutions were verified via comparison to telluric emission lines. Finally, object spectra were extracted for each aperture and a locally determined background was subtracted.
For data obtained with CFHT/MOS these reduction steps were performed using the respective IRAF tools; for data obtained with Keck and Gemini, use was made of the telescopespecific Keck-II/DEIMOS pipeline developed by the DEEP2 team (Cooper et al. 2012; Newman et al. 2013 ) and its adaptation Low-Redux (for Keck-I/LRIS and Gemini/GMOS).
Since multi-slit masks were used for all observations, flux calibration using standard stars cannot trivially be applied, and redshifts were measured from absorption and emission features using cross correlations of the observed spectra with spectral templates (e.g., Le Fèvre et al. 2005) . In all cases, the resulting redshifts were verified manually using at least two prominent spectral features, such as (in absorption) Ca H and K, Hδ, or the G band, and (in emission) [O II] λ3727, Hβ, and [O III] λλ4959, 5007.
The accuracy of our redshift measurements is limited by the signal-to-noise ratio (S/N) of our spectra as well as by the precision of their wavelength calibration. The latter introduces a systematic uncertainty dz of about 0.0002. We estimate the impact of S/N by comparing the redshifts measured for over 150 galaxies that were observed more than once and feature spectra of comparable S/N. Accounting for the noise in the observed correlation between S/N and redshift differential between repeat measurements, we group all spectra into three broad S/N classes. The standard deviations of the distribution of redshift differentials for these three groups are measured to be dz=0.0003, 0.0005, and 0.001, and are consequently assigned as the empirical, 1σ redshift uncertainties to spectra with high, medium, and low S/N. Table 3 lists the coordinates, redshifts, redshift uncertainties, and spectral types (absorption-line, emission-line, and E+A spectra) of the 65 galaxies successfully observed by us with CFHT in the field of MACSJ0416.1-2403. The results from our spectroscopic survey of galaxies in the fields of MACSJ0717.5+3745 (1272 redshifts) and MACSJ1149.5+2223 511 redshifts) are shown in the same format in Tables 4 and 5 Fig. 1 but for MACSJ0717.5+3745 (top) and MACSJ1149.5+2223 (bottom). The north-eastern quadrant of the image for MACSJ0717.5+3745 includes a small section of the much larger 3 × 6 HST/ACS mosaic in the F555W and F814W filters obtained by program GO-10420 (PI Ebeling) and designed to cover the large-scale filament extending to the south-east of the cluster core (Jauzac et al. 2012 
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